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1. INTRODUCTION {#dom13415-sec-0001}
===============

A high body mass index (BMI) has been associated with increased cardiovascular risk and all‐cause mortality.[1](#dom13415-bib-0001){ref-type="ref"}, [2](#dom13415-bib-0002){ref-type="ref"}, [3](#dom13415-bib-0003){ref-type="ref"}, [4](#dom13415-bib-0004){ref-type="ref"} The relationship between BMI and individual serum lipid components has been evaluated in a number of studies.[5](#dom13415-bib-0005){ref-type="ref"}, [6](#dom13415-bib-0006){ref-type="ref"}

Lowering LDL‐C is the focus of current guidelines for the treatment of dyslipidemia, with specific target levels for reducing cardiovascular risk provided for different risk groups.[7](#dom13415-bib-0007){ref-type="ref"}, [8](#dom13415-bib-0008){ref-type="ref"} Statins form the backbone of lipid‐lowering therapy (LLT)[8](#dom13415-bib-0008){ref-type="ref"}; however, it is not clear what factors influence their prescription in clinical practice. Various cardiovascular risk factors increase the likelihood of an individual being prescribed LLT, including hypertension and diabetes mellitus.[9](#dom13415-bib-0009){ref-type="ref"}, [10](#dom13415-bib-0010){ref-type="ref"} However, there is little evidence that BMI contributes significantly to the decision‐making process. These studies, however, did not evaluate the relationship between statin intensity and BMI.

In order to clarify the association of BMI with the levels of individual lipid components, and with prescribed statin intensity, we analyzed data from the global cohort of the Dyslipidemia International Study (DYSIS).

2. MATERIALS AND METHODS {#dom13415-sec-0002}
========================

2.1. Study design and patients {#dom13415-sec-0003}
------------------------------

DYSIS is a cross‐sectional, observational, multicentre study including statin‐treated patients from 30 countries around the world.[11](#dom13415-bib-0011){ref-type="ref"} Patients were enrolled between 2006 and 2013, 6 to 10 patients per centre in order to maximize representativeness. The regions of the world included Europe, Canada, Israel, the Middle East and northern Africa, South Africa and China. Patients aged 45 years or over were included if they had a full fasting blood lipid profile available 12 months before enrollment, were being treated with statin therapy at the time the test was performed, and had been receiving a statin for at least 3 months prior to the test.

For this specific analysis we included all patients with the following parameters available: body weight and height, total cholesterol, LDL‐C, HDL‐C, and triglycerides. The study adhered to the Declaration of Helsinki.

2.2. Data collection {#dom13415-sec-0004}
--------------------

Details of the LLT that each patient was receiving were noted. Administration was per discretion of the treating physician, and not influenced by the design of the study, which only documented the respective, administered dosages. Statin potency was normalized according to atorvastatin potency to allow comparisons among patients.[12](#dom13415-bib-0012){ref-type="ref"} The most recent blood test was used to construct a full lipid profile, which included levels of LDL‐C, HDL‐C, total cholesterol, and triglycerides. LDL‐C levels were measured in accordance with standard practice in the respective regions of the world. BMI was recorded on the date of the DYSIS data collection.

2.3. Statistical methods {#dom13415-sec-0005}
------------------------

In order to identify correlations between BMI and LDL‐C, HDL‐C, and triglycerides, non‐parametric Spearman\'s ρ correlation coefficients were calculated, with all variables treated as continuous variables. The Jonkheere‐Terpstra tests were used to identify trends between lipid levels and BMI categories as defined by the World Health Organization (WHO; \<18.5, 18.5‐24.9, 25.0‐29.9, 30.0‐34.9, 35.0‐39.9, ≥40.0 kg/m^2^), following the indicated a priori ordering. We used the Cochran‐Armitage test for trends in dichotomous variables such as female gender or comorbidities; \<18.5 and 18.5 to 24.9 were subsequently grouped to \<25 kg/m^2^, and 35.0 to 39.9 and ≥40.0 kg/m^2^ were subsequently grouped to ≥35.0 kg/m^2^, in order to have representative samples in each group and avoid a group with a very small sample size. In addition, Spearman\'s ρ correlation was calculated between BMI, as a categorical variable, and atorvastatin‐equivalent daily statin dosage, as a continuous variable. We used atorvastatin equivalents of 10, 20, 40 and 80 mg, respectively, and also included hypothetical 5 and 160 mg doses.[12](#dom13415-bib-0012){ref-type="ref"} This test was chosen for its higher rigour rather than a Pearson test, given the non‐parametric distribution of variables.

Odds Ratio (OR) was calculated using a logistic regression model considering both BMI (≥30 kg/m^2^) and statin dosage in atorvastatin equivalents (≥40 mg) as dichotomous variables. To enhance precision, factors found to be significantly associated with BMI were entered into a further forward logistic regression in order to determine the effect of BMI on statin dosage.

3. RESULTS {#dom13415-sec-0006}
==========

3.1. Patients {#dom13415-sec-0007}
-------------

A total of 52 916 statin‐treated patients were enrolled. Of these, 1.1% were underweight (BMI \< 18.5 kg/m^2^), 33.1% had a normal weight (BMI 18.5‐24.9 kg/m^2^), 41.5% were classed as being overweight (BMI 25‐29.9 kg/m^2^), 17.1% had class I obesity (BMI 30.0‐34.9 kg/m^2^), 5.0% had class II obesity (BMI 35‐39.9 kg/m^2^), and the remaining 2.1% had class III obesity (≥40 kg/m^2^) (Table [1](#dom13415-tbl-0001){ref-type="table"}).

###### 

Patient characteristics

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                **Total**\                                      **BMI \< 25 kg/m^2^**\                       **BMI 25 to \< 30 kg/m^2^**\                 **BMI 30 to \< 35 kg/m^2^**\                 **BMI ≥ 35 kg/m^2^**\                        *P*‐value
                                                                **\[N = 52 916\]**\                             **\[N = 18 088\]**\                          **\[N = 21 976\]**\                          **\[N = 9062\]**\                            **\[N = 3790\]**\                            
                                                                **% (n/N), mean ± SD or median (Q~1~, Q~3~)**   **N (%), mean ± SD or median (Q~1~/Q~3~)**   **N (%), mean ± SD or median (Q~1~/Q~3~)**   **N (%), mean ± SD or median (Q~1~/Q~3~)**   **N (%), mean ± SD or median (Q~1~/Q~3~)**   
  ------------------------------------------------------------- ----------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- -------------------------------------------- -----------
  Age (y)                                                       65.39 ± 10.18                                   66.94 ± 10.49                                65.11 ± 10.04                                64.19 ± 9.72                                 62.50 ± 9.31                                 \< 0.0001

  Female                                                        45.0 (23 771/52 792)                            49.6 (8961/18 068)                           40.5 (8869/21 915)                           42.8 (3863/9031)                             55.0 (2078/3778)                             0.007

  BMI (kg/m^2^)                                                 26.5 (24.0, 29.8)                               23.0 (21.6, 24.1)                            27.1 (26.0, 28.3)                            31.7 (30.8, 33.1)                            37.7 (36.14, 40.8)                           \< 0.0001

  SBP (mm Hg)                                                   132.84 ±  15.76                                 130.23 ± 15.79                               133.13 ± 15.27                               135.77 ± 15.74                               136.65 ± 16.34                               \< 0.0001

  DBP (mm Hg)                                                   78.60 ± 9.68                                    76.87 ± 9.38                                 78.92 ± 9.44                                 80.35 ± 10.05                                80.79 ± 10.17                                \< 0.0001

  Hypertension                                                  72.6 (38 419/52 892)                            63.5 (11 483/18 082)                         73.2 (16 075/21 969)                         83.3 (7543/9052)                             87.6 (3318/3789)                             \< 0.0001

  Diabetes mellitus                                             37.9 (20 056/52 855)                            29.5 (5339/18 079)                           35.7 (7836/21 957)                           50.3 (4549/9038)                             61.7 (2332/3781)                             \< 0.0001

  Ischemic heart disease                                        40.7 (21 547/52 900)                            39.4 (7118/18 087)                           41.5 (9110/21 970)                           43.4 (3925/9054)                             36.8 (1394/3789)                             0.063

  Cerebrovascular disease                                       13.0 (6862/52 704)                              15.5 (2795/18 049)                           12.8 (2791/21 890)                           10.9 (981/9000)                              7.8 (295/3765)                               \< 0.0001

  Heart failure                                                 8.2 (4331/52 895)                               5.8 (1056/18 086)                            7.8 (1707/21 966)                            11.3 (1024/9053)                             14.4 (544/3790)                              \< 0.0001

  Peripheral artery disease                                     5.7 (3018/52 694)                               3.9 (703/18 046)                             6.1 (1331/21 886)                            7.9 (713/8997)                               7.2 (271/3765)                               \< 0.0001

  Lipid profile                                                                                                                                                                                                                                                                                     

  LDL‐C (mg/dL)                                                 98.0 (76.0, 125.0)                              97.1 (75.4, 124.1)                           99.4 (77.3, 126.1)                           98.0 (77.0, 125.0)                           93.6 (72.7, 121.4)                           0.562

  HDL‐C (mg/dL)                                                 48.0 (39.8, 58.0)                               50.3 (41.8, 60.7)                            47.6 (39.8, 57.2)                            45.6 (38.7, 54.9)                            45.0 (38.0, 54.1)                            \< 0.0001

  Total cholesterol (mg/dL)                                     176\. 0 (147.7, 208.8)                          174.8 (145.4, 207.7)                         177.1 (148.9, 208.8)                         177.9 (150.8, 209.0)                         173.0 (147.0, 205.0)                         \< 0.0001

  Triglycerides (mg/dL)                                         130.2 (93.9, 182.5)                             117.0 (84.2, 166.5)                          132.9 (95.7, 185.0)                          144.7 (104.5, 198.0)                         149.7 (109.0, 200.0)                         \< 0.0001

  LLT                                                                                                                                                                                                                                                                                               

  Statin dosage (mg/d)[a](#dom13415-note-0003){ref-type="fn"}   16.88 ± 12.38                                   14.98 ± 10.15                                16.91 ± 12.38                                19.27 ± 14.30                                20.08 ± 15.18                                \< 0.0001

  Ezetimibe                                                     6.6 (3494/52 581)                               3.2 (575/18 034)                             6.7 (1470/21 813)                            11.7 (1054/8979)                             10.5 (395/3755)                              \< 0.0001
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL‐C, high‐density lipoprotein cholesterol; LDL‐C, low‐density lipoprotein cholesterol; LLT, lipid‐lowering therapy; Q~1~, 25th percentile; Q~3~, 75th percentile; SBP, systolic blood pressure; SD, standard deviation.

*P*‐values: Cochran‐Armitage test or Jonckheere‐Terpstra test.

Normalized to atorvastatin potency[13](#dom13415-bib-0013){ref-type="ref"}.

The prevalence of hypertension increased with increasing BMI category, reaching 87.6% for the group of patients with a BMI of ≥35 kg/m^2^. Diabetes mellitus also varied with BMI, rising from 29.5% of the patients with a BMI \< 25 kg/m^2^, to 35.7% of those with a BMI of 25 to \<30 kg/m^2^, 50.3% of those with a BMI of 30 to \<35 kg/m^2^, and 61.7% of those with a BMI of ≥35 kg/m^2^. Heart failure and peripheral artery disease increased with increasing BMI category, while ischemic heart disease did not show a trend, and cerebrovascular disease is more prevalent in patients with lower BMI.

3.2. Lipid profile {#dom13415-sec-0008}
------------------

LDL‐C levels did not vary significantly between BMI categories, with values of 97.1, 99.4, 98.0, and 93.6 mg/dL for the \<25, 25 to \<30, 30 to \<35, and ≥ 35 kg/m^2^ groups, respectively (*P* = 0.562). On the other hand, HDL‐C levels varied with BMI category, decreasing with increasing BMI (50.3, 47.6, 45.6, and 45.0 mg/dL, respectively; *P* \< 0.0001). Triglycerides increased with increasing BMI, with values of 117.0, 132.9, 144.7 and 149.7 mg/dL (*P* \< 0.0001).

3.3. Lipid‐lowering therapy {#dom13415-sec-0009}
---------------------------

The mean atorvastatin equivalent statin dosage for the overall population was 16.88 ± 12.38 mg/d. The daily dosage increased with increasing BMI, rising from 14.98 mg/d for the \<25 kg/m^2^ group to 16.91, 19.27 and 20.08 mg/d for the 25 to \<30, 30 to \<35, and ≥35 kg/m^2^ groups, respectively (*P* \< 0.0001). The proportion of patients being treated with ezetimibe varied significantly between BMI categories, with increasing frequency in patients with increasing BMI (3.2%, 6.7%, 11.7%, 10.5% for the \<25, 25 to \<30, 30 to \<35, and ≥35 kg/m^2^, respectively; *P* \< 0.0001).

3.4. Correlation between BMI and lipid levels or statin dose {#dom13415-sec-0010}
------------------------------------------------------------

LDL‐C levels were not found to correlate with BMI (ρ = 0.003; *P* = 0.51). On the other hand, HDL‐C (ρ = −0.147; *P* \< 0.0001) negatively correlated, and triglycerides (ρ = 0.170; *P* \< 0.0001) positively correlated with BMI (Figure [1](#dom13415-fig-0001){ref-type="fig"}).

![Correlations of blood lipoproteins and triglycerides with BMI. Scatter plots and prediction ellipses. Correlations between A, BMI and HDL‐C; B, BMI and triglycerides; C, BMI and total cholesterol; and D, BMI and LDL‐C; n = 52 916 for (A), (B), (C) and (D). Abbreviations: BMI, body mass index; HDL‐C, high‐density lipoprotein cholesterol; LDL‐C, low‐density‐lipoprotein cholesterol](DOM-20-2670-g001){#dom13415-fig-0001}

Statin dosage also positively correlated with BMI (ρ = 0.13; *P* = 0.001). Furthermore, patients treated with a high statin dose were more likely to have a higher BMI. Statin intensity increased with increasing BMI (ρ: 0.13; *P* \< 0.001). The same association was identified for the use of ezetimibe (*P* \< 0.0001). Patients with cardio‐metabolic diseases were found to be more likely to have a high BMI, including ischemic heart disease (OR: 2.10; 95% CI: 1.89‐2.33), cerebrovascular disease (OR: 1.22; 95% CI: 1.05‐1.41), peripheral artery disease (OR: 1.38; 95% CI: 1.12‐1.71), and diabetes mellitus (OR: 1.18; 95% CI: 1.06‐1.31). This is further indicated by the incremental increase in prevalence of these diseases at higher BMI levels (Table [1](#dom13415-tbl-0001){ref-type="table"}). Introduction of each of these diseases into the logistic regression model demonstrated that a high statin dosage remained significantly associated with a high BMI (OR: 2.4; 95% CI: 2.0‐3.0 on BMI ≥ 30 kg/m^2^ for atorvastatin equivalent ≥40 mg/d).

4. DISCUSSION {#dom13415-sec-0011}
=============

BMI was found to correlate with HDL‐C and triglycerides levels, but not with LDL‐C. In addition, increased BMI was associated with the use of a higher statin dosage, independent of the presence of cardiovascular diseases. Ezetimibe use was more common in obese patients than in those patients with normal body weight.

In agreement with other studies, we found that increasing BMI correlated with decreasing HDL‐C levels and increasing triglycerides levels.[5](#dom13415-bib-0005){ref-type="ref"}, [6](#dom13415-bib-0006){ref-type="ref"}, [14](#dom13415-bib-0014){ref-type="ref"} On the other hand, we saw no such correlation between BMI and total cholesterol and, more importantly, LDL‐C.[5](#dom13415-bib-0005){ref-type="ref"}, [6](#dom13415-bib-0006){ref-type="ref"} We would like to warn, though, that the DYSIS dataset may not be ideal for such a conclusion. All the patients included in the DYSIS project are statin‐treated, which results in the potential of interaction between the lipid‐lowering treatment and its dose with the triglycerides, HDL‐C, LDL‐C and BMI. Based on the current data, we cannot exclude the possibility that there was no increase in LDL‐C with BMI because of the effect of statin use and dosing. We are convinced that this is not the case, but the data are not suitable for dismissing this possibility. Furthermore, we cannot exclude the potential role for concomitant drugs having an effect on BMI and/or LDL‐C levels.

The importance of lowering LDL‐C levels is undisputed, with studies demonstrating that it results in decreased rates of acute cardiovascular events.[7](#dom13415-bib-0007){ref-type="ref"}, [8](#dom13415-bib-0008){ref-type="ref"} Indeed, this particular lipid is the main focus of current guidelines for the treatment of dyslipidemias.[7](#dom13415-bib-0007){ref-type="ref"}, [8](#dom13415-bib-0008){ref-type="ref"} Statins and ezetimibe are the mainstays of LLT, having consistently been shown to reduce cardiovascular events in proportion to the absolute decrease in serum LDL‐C concentration with PCSK9 inhibitors as novel therapies.[7](#dom13415-bib-0007){ref-type="ref"}, [15](#dom13415-bib-0015){ref-type="ref"} In clinical practice, the presence of cardiovascular risk factors such as hypertension and diabetes mellitus increases the likelihood that an individual will be prescribed statin therapy.[9](#dom13415-bib-0009){ref-type="ref"}, [10](#dom13415-bib-0010){ref-type="ref"} A high BMI has also been linked to statin use.[10](#dom13415-bib-0010){ref-type="ref"} However, these studies only reported whether or not a patient was taking a statin; they did not evaluate the intensity of therapy.

In the global population of patients included in DYSIS, we found that BMI positively correlated with atorvastatin equivalent daily statin dosage. This association was significant even after adjustment for the presence of ischemic heart disease, cerebrovascular disease, peripheral artery disease, and diabetes mellitus, demonstrating the strength of the relationship. Furthermore, ezetimibe use was found to be more frequent in obese patients. It therefore appears that physicians may be influenced by BMI when deciding on LLT prescription, although there is no mention in the literature, or even recommendation in the prescription information, to adjust the dose with increasing BMI. As we have demonstrated that BMI does not correlate with LDL‐C level, this approach could be misleading. Even though cardiovascular risk clearly increases with increasing BMI, we propose to diagnose cardiovascular disease correctly, and further use available risk‐scoring tools to guide prescription. The Systematic COronary Risk Evaluation (SCORE) recommended by the ESC/EAS guidelines for primary prevention patients, the lifetime risk calculator used in the ACC/AHA guidelines, and the recently proposed and validated TRS2P risk score, are such examples to help identify patients who would benefit specifically from lipid‐lowering treatment.[7](#dom13415-bib-0007){ref-type="ref"}, [8](#dom13415-bib-0008){ref-type="ref"}, [13](#dom13415-bib-0013){ref-type="ref"}

From this very large and representative cohort, it appears that physicians\' decisions are directly influenced by patients\' BMI when choosing statin dose or in combination with ezetimibe. Patients with higher BMI received higher doses of statins even after correcting for potential confounding factors such as diabetes or a history of ischemic heart disease. We therefore propose the use of established risk scores to guide clinical decision making in lipid‐lowering therapy.
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